Background/Aims: The aim of this study is to assess serum procalcitonin (PCT) for early prediction of severe acute pancreatitis compared with multiple scoring systems and biomarkers. Methods: Forty-four patients with acute pancreatitis confirmed by radiological evidences, laboratory assessments, and clinical manifestation were prospectively enrolled. All blood samples and image studies were obtained within 24 hours of admission. Results: Acute pancreatitis was graded as severe in 19 patients and mild in 25 patients according to the Atlanta criteria. Levels of serum PCT were significantly higher in severe acute pancreatitis (p=0.001). The accuracy of serum PCT as a predicting marker was 77.3%, which was similar to the acute physiology and chronic health examination (APACHE)-II score, worse than the Ranson score (93.2%) and better than the Balthazar CT index (65.9%). The most effective cut-off level of serum PCT was estimated at 1.77 ng/mL (AUC=0.797, 95% CI=0.658-0.935). In comparision to other simple biomarkers, serum PCT had more accurate value (77.3%) than C-reactive protein (68.2%), urea (75.0%) and lactic dehydrogenase (72.7%). Logistic regression analysis revealed that serum PCT has statistical significance in acute severe pancreatitis. Assessment of serum PCT levels and length of hospital stay by simple linear regression analysis revealed effective p-value with low R square level, which could make only possibilty for affection of serum PCT to admission duration (r2=0.127, p=0.021). Conclusions: Serum PCT was a promising simple biomarker and had similar accuracy of APACHE-II scores as predicting severity of acute pancreatitis. (Korean J Gastroenterol 2011;58:31-37) 
INTRODUCTION
Acute pancreatitis has an acute inflammatory process ranging from mild discomfort with localized inflammation to severe disease with multiple organ failure. 1 Multiple scoring systems, including the Ranson, Glasgow and acute physiology and chronic health examination (APACHE)-II scores, and several biochemical markers have been developed for the early prediction of severity of acute pancreatitis which facilitate early treatment in an intensive care unit. [2] [3] [4] Serum procalcitonin (PCT) is an early marker of systemic bacterial infection, sepsis, and multi-organ failure. 5 The major complica-tions of acute pancreatitis are infected pancreatic necrosis, sepsis, and multi-organ failure. We therefore hypothesized that increased serum levels of PCT could predict a severe acute pancreatitis and poor outcome of treatment. 6 Serum PCT has been previously analyzed with certain acute-phase proteins and mediators and APACHE-II scoring system [7] [8] [9] [10] but not compared to CT severity index and Glasgow system. The correlation between levels of serum PCT and length of hospital stay has not been reported yet.
Thus, we designed the aim of this prospective study with two-fold. First was to assess the clinical usefulness of serum PCT as a predictive marker for severity in early course of acute pancreatitis, in comparison to established indices including C-reactive protein (CRP), Ranson score, Glasgow score, APACHE-II score, Balthazar CT severity index and, other routinely measured biochemical parameters. Second was to evaluate the correlation of serum PCT with length of hospital stay.
SUBJECTS AND METHODS

Subjects
This prospective study included forty-four consecutive patients with acute pancreatitis over a 10-month period. The diagnosis of acute pancreatitis was based on the clinical manifestation of acute upper abdominal pain associated with a raised serum amylase level greater than three times of normal value or elevated serum lipase levels and radiological evidences compatible with acute pancreatitis. 9, 11 CT was performed in all patients. 32 patients were performed with contrast CT and 12 patients were performed with non-contrast CT owing to elevated serum creatinine levels. We classified patient as mild and severe pancreatitis by Atlanta classification 8, 12 and analysed with variable data obtained within 24 hours on admission. We treated patients according to the accepted standard management of acute pancreatitis. 11, 12 All patients were fasted soon after admission and administered fluids, ions, and analgesics parenterally. If necessary, systemic antibiotics were applied. 13 Patients with a suspected biliary cause of acute pancreatitis underwent endoscopic retrograde endoscopic retrograde cholangiopancreatography within the first 24 hours.
Methods
Blood samples for PCT, CRP and routine biochemical tests were collected on admission. 
Statistical analysis
We expressed the results as median followed by range or 
RESULTS
Of the 44 patients, 28 patients were men, and 16 patients were women. The median age of the patients was 61.5 years.
According to the Atlanta criteria, 25 patients were classified as mild acute pancreatitis and 19 patients were classified as severe acute pancreatitis. There was no statistical sig- nificance of age (p=0.061) and sex (p=0.490) ( Table 1 ). The causes of acute pancreatitis were alcoholic, biliary, and idiopathic or miscellaneous conditions and it had no significance (p=0.465). were significantly higher in severe acute pancreatitis, but the levels of total serum calcium and glucose were not different between mild and severe acute pancreatitis. The levels of serum PCT were in severe acute pancreatitis were significantly higher than those in mild pancreatitis (p＜0.001, Table 1 , Fig.   1 ). The accuracy of serum PCT as a biochemical marker was 77.3%, which was same as APACHE-II score, worse than the Ranson score (93.2%) and better than the Balthazar CT se- Fig. 2) )had the best accuracy and best positive predictive value and likelihood ratio (77.3%, 71.4%, 13.797, respectively). It could be estimated that the efficacy of serum PCT was similar to APACHE-II scores (Table 2 ) and its' best cut-off level is 1.77 ng/mL (Table 3) .
We evaluated serum PCT and other parameters according to severity of pancreatitis by logistic regression analysis and found that serum levels of PCT, CRP, LDH and urea were significantly correlated with severity of pancreatitis. The odds ratio of serum PCT was 11.875 (p=0.001) ( Table 4 ). The serum levels of total calcium and glucose were not correlated with the severity of pancreatitis (p=0.577, p=0.132, respec- 
DISCUSSION
Acute pancreatitis is an increasing common abdominal emergency. 13 In patients with severe acute pancreatitis, range of mortalities is 10-30% 14 and effective treatment is relay on predictiction of severity and there is still no ideal simple predictive system or biochemical marker which can be conviniently used in clinical bases. 15 Certain predictive methods, In our study, the accuracy of CRP as a predictor was 68.2%
similarly. However many studies have described limitation of clinical utility of CRP in early phase of acute pancreatitis, which revealed the usage of CRP alone was potentially failing to detect severe cases of acute pancreatitis. [18] [19] [20] [21] Serum PCT as another biochemical marker related to inflammation was introduced several years ago. PCT is a 116-amino acid protein with a molecular mass of 12,793 Da.
In neuroendocrine cells (C cells of the thyroid, pulmonary and pancreatic tissues), it undergoes successive cleavages to produce 3 molecules of calcitonin (32 amino acids) and katacalcin (21 amino acids) and the N-terminal 57 amino acids. 22 During the infection, PCT is secreted into the bloodstream without increas of calcitonin, and it correlates closely with the inflammatory response of a host to microbial infections. 23 Serum PCT has also been perceived as a reliable marker for the diagnosis of infected necrosis of the pancreas, [24] [25] [26] but an increased serum PCT value in acute phase occurs regardless of cause of the triggering mechanism. 27 Some studies have focused on the increased PCT concentration in acute pancreatitis, but the results of studies were still inconclusive. [28] [29] [30] In our study, the accuracy of serum PCT as a biochemical marker was 77.3%, which was similar to the APACHE-II score, worse than the Ranson score (93.2%) and better than the Balthazar CT severity index (65.9%). We analysed 4 cut-off values for serum PCT levels (0.50, 1.00, 1.77, and 2.65 ng/mL), among them, 1.77 ng/mL value had the best accurate value and positive predictive value and likelihood ratio (77.3%, 71.4%, 13.797, respectively). Therefore we propose the level of 1.77 ng/mL could be the best cut-off value for predicting severe acute pancreatitis. Serum PCT might replace to APACHE-II score for predicting severity of acute pancreatitis. On logistic regression analysis, the Balthazar CT severity index had no significance in assessing the severity of acute pancreatitis (p=0.062), but this lack of significance might be due to small number of subjects in this study. By the Atlanta classification, serum CRP, LDH and urea levels had also significance in severe acute pancreatitis (p＜0.05), but serum glucose and total calcium levels were meaningless. By the analysis of accuracy, serum PCT was superior value (77.3%) than serum CRP, LDH and urea. We evaluated serum PCT and other parameters according to the severity of pancreatitis by logistic regression analysis and found that serum levels of PCT, CRP, LDH, and urea were significantly correlated with the severity of pancreatitis. There is a report of APACHE-II scoring system which had been shown to sig-nificant relation to the length of hospital stay. 10 In this study, serum PCT did not show definite relation to the length of hospital stay but only with possibility due to low R square level (r2=0.127) even if it had effective p-value (p=0.021), and we think more studies are needed from the viewpoint of hospital stay. In this analysis, serum PCT levels (ng/mL) was used as independent variables and admission duration (days) was dependent variables. Coefficients B value of dependent variable was 1.444 and t-value was 2.43 and p-value was 0.021.
In conclusion, we think that serum PCT can be a promising simple and convinient biomarker to predict severity of acute pancreatitis, which had accuracy similar to APACHE-II score and higher accuracy than the CRP, LDH and urea.
